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A method for gene airq)lification 

Technical field: 

The present invention relates to a method for performing gene amplification at high 
5 speed and a method for preparing proteins using the amplified gene. 

Prior art: 

Induction of artificial gene amplification in animal cell cultures (e.g. patent reference 
1) accompanies some troubles such as (i) time-consuming (a half year to a year), (ii) 
10 accompanying many clones without amplification, (iii) dependence on empirical 
know-how without elucidation of amplification mechanism and others. On the other hand, 
a system using yeast for gene ampUfication is not available and usually a plasmid is used 
for the purpose with a Umited copy numbers. 

1 5 The system of the present invention based on a biological capabihty referred to as BIR 

(Break-Induced-Replication) (non-patent reference 1, 2). The biological capability is 
regarded as that of self-remedy of chromosome comprising finding the same chromosomal 
sequence when it is broken, invading the site using the homology, constructing a 
replication point and starting replication. All Uving organisms are regarded as having the 

20 capability. 

Patent reference 1 : W094/14968. 

Non-patent reference 1: PNAS, vol. 98, no.l5, 8255-8262 (July 17, 2001). 
Non-patent reference 2: Genes Dev 12, 3831-3842 (1998) 

25 

Problems to be resolved bv the invention; 

The present invention provides a double-stranded DNA constructed specially for gene 
amplification at high speed and a method for gene amplification using the double-stranded 
DNA. The present invention has the characteristics in the complete construction of an 
30 artificial amplification system, in capability of synchronized amplification, in amplification 
during a short time (probably in a generation), and in elucidated mechanism of 
amplification. 
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Means to solve the problems: 

The present inventors constructed an artificial high-speed gene amplification system 
based on the mechanism of gene replication in living organism referred as BIR. 

The present inventors constructed a first double-stranded DNA (A-B-C) containing a 
5 target gene (B) for amplification and gene segments (A and C) necessary for amplification 
located at both ends of the target gene (B), and a second double-stranded DNA constructed 
in the same way (A'-B'-C: B' may be the target gene for amplification, A and A', and C 
and C are capable of undergoing reciprocal homologous recombination) £ls shown in Fig. 
1 (1) and conducted a gene amplification test (herein, B and B' may be eliminated as in 
1 0 Fig. 1 (2)). In this case, A or C could be a target gene for amplification.). As the results, 
it was confirmed that, when a break is induced at a specific site, this triggered a gene 
amplification in high speed (see Examples 2 to 4). 

Namely, the present invention is a double-stranded DNA comprising (a) an 
15 arrangement of A-C and (b-1) an arrangement of A'-C or (b-2) an inverted arrangement of 
A'-C, wherein A and A' are each double-stranded DNA and are capable of undergoing 
reciprocal homologous recombination and one of A and A' is an inverted orientation of the 
other, C and C are each double-stranded DNA and are capable of undergoing reciprocal 
homologous recombination and one of C and C is an inverted orientation of the other, and 
20 at least one of A and C comprises a target gene for amplification, and any DNA sequence 
may be inserted among A, A', C and C\ 

Also, the present invention is a double-stranded DNA comprising (a) an arrangement of 
A-B-C and (b-1) an arrangement of A'-B'-C or (b-2) an inverted arrangement of A'-B'-C, 

25 wherein A and A' are each double-stranded DNA and are capable of undergoing reciprocal 
homologous recombination and one of A and A' is an inverted orientation of the other, B 
and B' are amplifying segments where at least one of B and B' containing at least one 
target gene for amplification, C and C are each double-stranded DNA and are capable of 
undergoing reciprocal homologous recombination and one of C and C is an inverted 

30 orientation of the other, and any DNA sequence may be inserted among A, A', B, B', C and 
C. 
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B and B' may be amplifying segments each containing at least one target gene for 
amplification arranged in the same orientation and are capable of undergoing reciprocal 
homologous recombination. Furthermore, B and B' may further contain a selection gene 
for amplification arranged in the same orientation. 

5 

The preferable examples of the double-stranded DNA include the following 
arrangements: 

(1) A-C-A'-C, 

(2) A-C-D-A'-C, 

10 (3) (i) E'-A-C and (ii) A'-C'-E or an inverted arrangement of A'-C'-E, or (iii) A -C-E and 
(iv) E'-A'-C or an inverted arrangement of E'-A'-C, 

(4) D-E'-A-C-D-A'-C'-E-D . D.E'.A-C-D-E'-C"-A"-D . D-A-C-E-D-E'-A'-C'-D . 
D-A-C-E-D-C"-A''-E-D, or D-A-C-E-D-C"-A"-E-D, 

(5) A-B-C-A'-B'-C% 
15 (6) A-B.C-D-A'-B'-C% 

(7) (i)E'.A-B-C and (ii) A'-B'-C*-E or an inverted arrangement of A'-B'-C'-E, or (iii) 
A-B-C-E and (iv) E'-A'-B'-C or an inverted arrangement of E'-A'-B'-C, or 

(8) D-E'-A-B-C-D-A'-B'-C'-E-D . D-E'-A-B-C-D«E'-C"-B"-A"-D 
D-A-B-C-E-D-E'-A'-B'-C'-D.or D-A-B-C-E-D-C'-B^'-A'^-E-D 

20 In these formula, D represents a double-stranded DNA fragment with at least one break 

point by endonuclease, E represents a telomere sequence, E' represents an inverted 
sequence of E and other symbols are the same as the above. C"-A" represents an 
inverted arrangement of A'-C, and C"-B"-A" represents an inverted arrangement of 
A'-B'-C. 

25 

For example, (1) is practically identical to an arrangement of AC-C'A'-AC, which can 
be easily constructed by inversing the central arrangement to (C'A') after laying out three 
identical arrangements (AC). Furthermore, an insertion of a break site at the middle of 
the central arrangement (C'A') leads to AC-C'DA'-AC, which is identical to (2). 
30 Moreover, in these examples, A and C may be the same. For example, in this case, (1) 
becomes A-A-A'-A% (2) becomes A-A-D-A'-A', (5) becomes A-B-A-A'-B'-A% and (6) 
becomes A-B-A-D-A'-B'-A\ 
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Also, the present invention is a recombinant vector containing the double-stranded 
DNA of any one of above (1) to (8). 

Fiirthermore, the present invention is a transformant transduced with the 
double-stranded DNA of the above (1), (2), (5) or (6). The double stranded-DNA of (1), 
5 (2), (5) or (6) is suitable to transduction into chromosomes. 

Moreover, the present invention is a method for gene ampUfication comprising the 
steps of preparing the transformant and amplifying the target gene. (e.g. a target gene for 
amplification). 

It is preferable that the transformant is treated with an endonuclease . in the step of 
10 amphfying the target gene, when the double- stranded DNA is represented as A-C-D-A'-C 
or A-B-C-D-A'-B'-C, wherein the symbols are the same as above. 

Still furthermore, the present invention is a recombinant plasmid containing the 
double-stranded DNA of the above (3), (4), (7) or (8). The DNA of (3), (4), (7) or (8) is 
1 5 suitable for introducing into plasmid. 

Still moreover, the present invention is a method for gene amplification comprising the 
steps of transducing bacteria with the plasmid of claim IS and culturing the bacteria. 

Also, the present invention is the method for producing a protein encoded by the target 
gene for amplification comprising the steps of culturing cells or bacteria obtained by any 
20 one of these methods. 

Brief description of the drawings: 

Figure 1 shows the mechanism of BIR reaction. 

Figure 2 shows a preferable construction of the double-stranded DNA of the present 
25 invention. A and A', and C and C are sequences capable of undergoing reciprocal 
homologous recombination, B and B' are amplification segments, wherein at least one of 
them contains a target gene for amplification, D is a break site by endonuclease, and E and 
E' represent telomere sequences. The direction of the array represents the orientation of 
the arrangement of genes. In case of elimination of B and B\ A or C may be a target gene 
30 for amplification. 

Figure 3 shows a process for gene amplification of the present invention. CEN 
represents centromere and TEL represents telomere. DSB (Double Strand Break) 
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represents the site of double strand break. 

Figure 4 shows a termination of the gene amplification. 

Figure 5 shows the result of structural analysis of ampHfied product by Southern 
blotting. (A) shows the result after PFGE separation and (B) shows that after Xhol 
5 digestion. The number of the panel (A) shows the number of clones. 

Figure 6 shows the result of structijral analysis of zimplified product by Southern 
blotting. (A) shows the result detected by the use of RET2 probe after separation by 
PFGE and (B) shows sinfiilarly that detected by the use of leu2d probe. 

Figure 7 shows the number of the cells generated in Comparative Example 1 and 
10 Example 2. The abscissa shows the number of colonies generated by HO induction per 
1 0^ viable cells. 

Figure 8 shows the photographs of colonies generated in Comparative Example 1 and 
Example 2. 

Figure 9 shows an amplification unit used in Comparative Example 1 . 
15 Figure 10 shows the construction of the double-stranded DNAused in Example 3. 

Figure 11 shows the result of structural analysis of amplified product by Southern 
blotting. (A) shows the result for PFGE separation and (B) shows that after Xhol 
digestion. The number on the panel (A) represents the number of clones. 

Figure 12 shows the organization of plasmid pBIA and pNotBIAused for Example 4. 
20 Figure 13 shows the result of structural analysis of amplified product by Southern 

blotting. (A) shows the result for PFGE separation and (B) shows that after Xhol 
digestion. The number on the panel (A) represents the number of clones. 
Figure 14 shows the amplified product for plasmid pBIA. 

Figure 15 shows the number of Leu^Jra**" colonies obtained from cell strains (LS20) 
25 containing plasmids (pBIA and pNotBIA). 

Detailed description of the invention: 

The double-stranded DNA of the present invention for gene amplification is 
represented by the arrangement of 
30 (i) A-B-C and 

(ii) A'-B'-C or an inverted arrangement of A'-B'-C (in the formula, B and B' may be 
eliminated. In this case, A or C may be a target gene for amplification.), and preferably 
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any double-stranded DNA of the above (1) to (8). 
Some of the examples are shown in Fig. 2. 

In the present description, these double-stranded DNA comprises the nucleotide 
sequence presented from 5 '-end to 3 '-end (from left to right). The combination of each 
5 constituent can be performed by a conventional art of genetic engineering. 

A and A' are each double-stranded DNA, capable of undergoing reciprocal homologous 
recombination and preferably with the identical nucleotide sequence. Preferably, the 
sequences of A and A' are more than 90% homologous. Furthermore, particularly a 
10 proximal part (e.g. 10 to 30 bp) to a break site in A and A' (e.g. between C-A' or D) has 
preferably highly homologous. Moreover, the length of A and A' is preferably more than 
500 bp. Short fragments could produce many by-products after gene amplification and 
could lead to homologous recombination at an unwilled site. 

Still furthermore, A and A' are arranged each other in an inverted orientation. The 
1 5 relation of C and C have the similar to that of A and A'. Also, A may be identical to C. 

At least one of B and B', and preferably both B and B\ are amplification segments and 
each of them may contain only a kind of target gene for amplification, but also may 
contain multiple target genes for amplification. At least a kind of target gene for 
20 amplification is preferably capable of undergoing reciprocal homologous recombination 
and more preferably identical gene. 

Any gene could be used as said target gene for amplification. Principally, there is no 
limit in the gene length for stable amplification and amplification is possible for gene with 
more than 1 0 kb. 

25 Furthermore, said target gene for amplification preferably contains at least one 

selection gene for amplification, and moreover, B and B' more preferably contain selection 
genes for amplification arranged in the same orientation. The selection gene for 
anqjlification includes leu2d, and promoter-deleted trpl, ura3, DFRl gene and others as 
described later. 

30 The B and B' may be eliminated. In this case, at least one of A and C may be the 

target gene for amplification. 
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D is a break recognition sequence of HO endonuclease (hereinafter, referred to as 
"HOcs") and has at least one break site. It can be replaced with other endonuclease 
(I-Scel and others) without recognition sequence in the genome (or with a few deletable 
recognition sequence) in combination with the break recognition sequence. By the 
5 replacement, the amplification eflRciency could be markedly increased, D may contains 
two break sites and a marker gene between them. 

HO endonuclease and I-Scel enzyme, which recognize longer sequence than usual 
endonuclease recognizing sequence of about 5 bp, are preferably used as an endonuclease. 

10 E is a telomere sequence (hereinafter, it is referred to as 'TEL"). Telomere sequence 

is a simple reiterated DNA sequence capable of forming telomere and need not to be 
identical sequence in spite of representing by the same symbol E. A telomere enables an 
amplified product to be maintained as a linear chromosome in a yeast cell. E* is an 
inverted sequence of E. 

15 

Also, the distance between A and C is preferably approximately the same as that 
between A' and C in double-stranded DNA of the present invention based on the efficiency 
of the amplification. Therefore, and because of other reasons, any DNA sequence may be 
inserted between the above elements. Examples of such inserts include centromere 

20 (hereinafter, referred to as "CEN"), autonomously repUcating sequence (hereinafter, 
referred to as "ARS"), selection markers and others. 

CEN sequence may be any centromere sequence on a chromosome (in a following 
example, it is no. 4 chromosome). The selection pressure becomes stronger by CEN and 
amplified products could be kept stably. One CEN sequence is preferably inserted in any 

25 site between A-B-C (or A-C) and TEL; or between A'-B'-C (or A'-C) or its inverted 
arrangement and TEL. Since insertion of CEN and ARS excludes their containment in a 
vector, general conventional vectors (i.e. pBR322, pUC series, pBluescript series, pGEN 
series and others) are preferably used. 

30 ARS sequence is a yeast replication origin and could be any ARS sequence of 

chromosomes. Amplification products are maintained by ARS sequence. One ARS 
sequence is preferably inserted in any site between A-B-C (or A-C) and TEL; or between 
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A*-B'-C' (or A'-C*) or its inverted arrangement and TEL. 

Selection markers include URA3, HIS3, TRPl, ADE2, LYS2 and others. The selection 
marker is preferably a marker with a different selection method to the selection gene for 
amplification in B. The selection marker enables cells containing plasmid before start of 
5 amplification to be selected and enables ampUfication reaction to be performed efficiently. 
The selection marker is preferably not inserted in a site between two kinds of structure 
element and HOcs, i.e. between A-B-C and TEL; or between A'-B'-C or its inverted 
arrangement and TEL. 

10 The double-stranded DNA thus constructed is transduced into bacteria, cells or 

individual animal, in which actual gene amplification is induced, before genes are 
amplified. The hosts include bacteria, such as E. coli and B. subtilis, yeast, insect cells, 
animal cells, plant cells, individual mammal and others, and yeast and animal cells are 
preferably used. These host cells are transformed with the double-stranded DNA of the 

15 present invention and with a vector including transcriptional initiation signal, such as 
promoter, enhancer and others, and fiirthermore, terminator sequence, if necessary, 
according to the conventional technique of genetic engineering. 

Mono copy plasmid is preferably used as a plasmid carrying the double-stranded DNA 
20 for gene amplification. The mono copy plasmid is a plasmid containing CEN sequence 
and ARS sequence and involves a yeast mono copy vector (e.g. YCp50^ pRS313x 
pRS314.pRS315. pRS316. pRS317. pRS412. pRS413. pRS414, pRS415.pRS416. 
pAUR112^ pAUR123 and others) and others, as examples. Moreover, additional 
insertion of yeast replication origin ARS sequence and yeast CEN sequence could be 
25 performed using various conventional vectors (e.g. pBR322>pUC series (pUC18^ pUC19)^ 
pBluescript series (pBluescript 11)^ pGEM series (pGEM-3Zf) and others.) 

Gene amplification could be carried out by transduction of the plasmid into bacteria 
and others. The bacteria include E. coli and eukaryotes include yeast and others. 

30 Transduction of such double-stranded DNA as described in the sequences (1) and (5) 

into chromosome induces gene amplification as it is. In this case, randomly induced 
double- strand break may lead to an accidental break between C and A', which may bring 
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about pairing between exposed homologous sequences (between A and A*, C and C), bring 
about a reaction called BIR at two sites at the same time, induce a rolling circle with two 
replication folks, and induce gene replication. 

5 On the other hand, introduction of endonuclease is preferable for transduction of such 

sequences as described in the sequences (2) and (6) into chromosome. Introduction of 
endonuclease may induce break at a break site (D) in double- stranded DNA, which may 
bring about pairing between exposed homologous sequences (between A and A', C and C), 
bring about a reaction called BIR at two sites at the same time, induce a rolling circle with 

10 two repUcation folks, and induce gene replication. Figure 3 interprets the process. 
Action of endonuclease could be performed by the introduction of this enzyme directly 
into cells or by the expression of a gene encoding the enzyme in cells. The time 
necessary for ampUfication is 12 to 24 hours. 

15 Additionally, the frequency of emergence of amplified clones using those 

double-stranded DNA as described in the sequences (1) and (5) is lower than that using 
those as described in the sequences (2) and (6) together with endonuclease, and the former 
is about 1/5 of the latter. However, the time necessary for amplification is similar for 
both DNA. 

20 

Essentially similar reaction as above will be took place for transduction of plasmid 
carrying the above sequences (3), (4), (7) and (8). The amplification time for plasmid 
carrying the sequence (4) and (8) is 1 to 24 hours. 

25 In the final stage of the above reaction, after a recombination is induced between the 
anqjlified genes at two sites (B and B'), the above circle is removed and double-stranded 
DNA containing the amplified gene could be obtained (Fig. 4). Therefore, when B and B' 
are in opposite orientation or do not contain the sequence of the other, there will be no 
finalizing reaction removing the circle. 

30 Also, a large amount of protein encoded the target gene for amplification will be 

produced after culturing the cells and purification from the culture media or supernatant. 



10 



Industrial applicability of the invention: 

By using double- stranded DNA of the present invention, gene amplification can be 
attained with highly efficiently and in a short time. Since the cells transduced with the 
double-stranded DNA of the present invention enables to produce a large amount of 
5 valuable proteins, the double- stranded DNA of the present invention is useful for preparing 
protein formulations and artificial antibodies. Furthermore, since these cells enable to 
keep gene expression in a large amoimt and in a stable state for long time, the 
double-stranded DNA of the present invention is also useful for gene therapy. Moreover, 
coupling gene amplification with mutagenesis enables to create a gene having an expected 
1 0 function. 

The method of the present invention enables to prepare not only peptide and proteins 
without sugar side chains such as insulin but also highly productive micro-organisms 
producing erythropoietin, G-CSF, antibody agents and the like. 

15 The following Examples illustrate the present invention, but are not intended to limit 

the scope of the invention. 

Example 1: 

As shown the organization in the upper part of Fig. 3, an amplification unit, comprising 
20 URA3 gene (SEQ ID NO: 2), two kinds of budding yeast genome homologous sequence 
(YF257394-YF258454 (SEQ ID NO: 3) and YF267165-YF268121 (SEQ ID NO: 4), Gene 
bank Accession ID; NC001138), and selection marker gene for amplification lue2d (SEQ 
ID NO: 5) located between 2 HO sequences (DSB, SEQ ID NO: 1), was constructed. The 
selection marker gene for amplification leu2d plays a dual role as a target gene for 
25 amplification. 

The selection marker gene leu2d for amplification is one of a group enzyme 
synthesizing leucine. Deletion of the gene inhibits cells to grow in a medium without 
leucine. Since the applied leu2d-deleted gene feils of most part of the promoter sequence, 
the expression level of the enzyme is very law, but a limited enzyme activity remained. 
30 Therefore, this one gene is not sufficient for cells growing in a medium without leucine, 
but amplification of the gene results in accumulation of the enzyme with weak activity and 
enables cells to grow in a medium without leucine. The feature was used for the selection 
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of cells with amplified gene. 

URA3 gene is used for selection of cells, wherein an amplification unit of a gene is 
kept without deletion in spite of a homologous recombination between leu2d genes. 
A new replicating fork is generated after a double strand break of DNA is induced in HO 
5 sequence in an amplification unit and an end of exposed homologous sequence is paired 
with the homologous sequence of the genome. This BIR reaction takes place at two sites 
as shown in the middle of Fig. 3, and a replication of rolling cycle type may proceed. A 
segment inside the circle is amplified explosively in a cell cycle and the amplified product 
may be maintained inside the cells. 

10 

Example 2: 

The amplification unit constructed in example 1 was transduced into budding yeast cell 
strain (LS20), whose chromosome contains a structure with HO endonuclease gene 
inserted to a downstream of GAL promoter. An Ura"*^ colony, wherein an amplification 

15 unit of a gene is kept without deletion in spite of a homologous recombination between 
leu2d genes (marker genes), was isolated, and was spread on galactose media without 
leucine; and the expression of HO endonuclease was induced. Cells derived fi-om 
emerged colony of Leu"*" were cultured and chromosomal DNA weis prepared in 
law-melting agarose gel. The culture time (including the time for growth of cells after 

20 amplification) was about 4 days. 

The chromosomal DNA was separated by PFGE (pulsed-field gel electrophoresis) or 
by FIGE (field-inversion gel electrophoresis) and DNA digested by a restriction enzyme 
Xhol was separated by agarose gel electrophoresis and analj^ed by Southern blotting. 

25 On a clone cultured in glucose agar media without uracil (no induced expression of 

SD-Ura, HO endonuclease) and a clone cultured in galactose agar media without leucine 
(induced expression of SG-Leu, HO endonuclease), their chromosomal DNA separated by 
PFGE and Xhol digested DNA separated by agarose gel electrophoresis were analj^ed 
using leu2d as a probe. Results are shown in Fig. 5. (A) shows the result for 

30 chromosomal DNA separated by PFGE and (B) shows that for Xhol digested DNA 
separated by agarose gel electrophoresis. 

The structure analysis of the amplified product by Southern blotting is shown in Fig. 6. 
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(A) shows the result analyzed by RET2 probe of chromosomal DNA separated by PFGE 
and (B) shows the result analyzed by leu2d probe of chromosomal DNA separated by 
FIGE. 

5 According to the analyzed result (Fig. 5), no. 3 chromosome with 345 kb, Xhol 

fragment with 8.9 kb and about 12,5 kb were detected by leu2d fragment as a probe in host 
cell strain LS20, in which no. 3 chromosome is partly modified. On the other hand, no. 6 
chromosome with 292 kb, in which an amplification unit is inserted, and Xhol fragment 
with 11.6 kb ascribed to the insertion were detected in negative controls (3 and 4 lane of 

10 Fig. 5), in which the expression of HO endonuclease was not induced. In Fig. 5B, Xhol 
fragments (4.4 kb> 6.4 kb, 8.2 kb. 10.3 kb) are observed as detected by levi2d probe. 

In contrast, bands with different sizes from the above results show strong signals in cell 
strains derived from clones with induced expression of HO endonuclease. Based on the 
1 5 pattem of the signal, these cell strains are classified roughly in 4 groups. 

The first group (lane: 35, 43, 44, 47, 54, 58, 63), which shows the pattem expected from 
the hypothesis of the amplification process, may contain 5 to 7 leu2d in no. 6 chromosome 
as deduced from the size. 

20 The second group (lane: 45, 49, 56, 57, 66, 70, 72) shows, in PFGE analysis, strong 

signals in DNA bands with large molecular size, which are unexpected Xhol fragments. 
Later analysis suggests that these bands contain highly reiterated sequence comprising 
partly inverted sequence to expected one £ind they contain more than several tens copies of 
leu2d. 

25 Also, the analysis with RET2 probe located at the centromere side of the insertion site 

of amplification \mit suggests that those bands are amplified on a chromosome (Fig. 6A). 
These bands show strong signals in the region of more than about 650kb, i.e. a separation 
threshold, and near wells in (A) and may reflect extremely high amplification. From the 
size of the amplified products in (A), it is suggested that clone 66 contains 13 copies, clone 

30 49 contains 29 copies, clone 57 contains 38-^54 copies and other clones contain more 
copies of leu2d. Since those bands in (A) are clear bands, their structure may be 
relatively stable. 
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The third group (lane: 36, 38, 42, 46, 48, 50, 51, 53, 55, 59-62, 64, 65, 67-69) shows no 
change in the size of no. 6 chromosome containing the amplification unit but shows a 
difference in the pattern of Xhol fragments. FIGE analysis results in the detection of a 
5 molecule with about 23.5 kb in this group (Fig. 6B). Later analysis suggests that the 
molecule is a mini chromosome, in which the sequence of the telomere side of the insertion 
site of the amplification unit has a palindrome-like structure. The fourth group containing 
cell strains except the above described may be generated by a rearrangement without leu2d 
amplification. 

10 As noted in the gene amplification system on a genome of the present invention, 

particularly high amplification reaction was observed in the second group. 

Comparative Example 1: 

An amplification unit, wherein two kinds of homologous sequences of budding yeast 
1 5 genomes were arranged in the forward orientation each other, was constructed as described 
in Example 1. The amplification unit was processed in the same way as described in 
Example 2. 

The colony and their cell numbers generated in this Comparative Example 1 and in 
Example 2 are shown in Figures 7 and 8. According to the colony counting, Example 2 
20 generated about 6.3 times more colonies compared to Comparative Example 1. 

In this Comparative Example 1, no BIR reaction might be took place and therefore, no 
gene replication might be took place. 

Example 3: 

25 An amplification unit was constructed, which con^rises two kinds of homologous 

sequence of budding yeast genomes (YF257394-YF258454 (SEQ ID NO: 3) and 
YF267165-YF268121 (SEQ ID NO: 4, GeneBank Accession ID; NC 001138) and a 
selection maker gene leu2d (SEQ ID NO: 5) for amplification as shown the organization in 
Fig. 10, after URA3 gene (SEQ ID NO: 2) located between two HO sequences (SEQ ID 

30 NO: 1) is removed from the amplification unit constructed in Fig. 1 . 

The ampUfication unit was processed according to the same way as described in 
Example 2. Namely, the amplification unit was transduced into budding yeast cell line 
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(LS20) and spread on a ghicose medium (without uracil) and on a galactose medium 
(without leucine). Two colonies (lanes: 7 and 8) and 4 colonies (lanes: 77 to 80) were 
picked up from the former and the latter plate, respectively, they were grown in the same 
medium and were analyzed by pulse gel electrophoresis for the examination of 

5 chromosomes of each clone. Total culture time was about 4 days. 

Figure 11 shows the results. In the figure, (A) represents the result of direct 
electrophoresis, and (B) represents the result of electrophoresis after digestion by 
restriction enzyme Xhol. The colonies from the former plate show the same pattern to 
that of the original cells and all the latter colonies show amplification of leu2d. 

10 Particularly, clones of lane 78 and 80 show highly amplified leu2d on a chromosome. 

Example 4; 

As shown in Fig. 12(A), a plasmid pBIA for amplification was constructed by 
integrating an amplification unit, which comprises 3 HO sequences (DSB, SEQ ID NO: 1), 

15 URA3 gene (SEQ ID NO: 2), ARSl gene (SEQ ID NO: 6), LUC gene (SEQ ID NO: 7), 
CEN4 gene (SEQ ID NO: 8), GFP gene (SEQ ED NO: 9) and a selection marker gene 
leu2d (SEQ ID NO: 5) for amplification.. 

The plasmid pBIA was transduced into budding yeast cell line (LS20) with a 
chromosome containing a structure that HO endonuclase gene is inserted into a 

20 downstream of GAL promoter, by the use of a transformation kit (Frozen-EZ Yeast 
Transformation ILZYMO RESEARCH, Cat No. T2001) based on a Uthium acetate method. 
The yeast cells were grown in media without xiracil to a middle log phase, harvested by 
centrifiigation, washed two times with sterilized water, diluted to various concentrations, 
spread on an agar plate with the same media as above except containing galactose as a 

25 sugar source without uracil and leucine, and cultured at 30°C or 25 °C. Total culture time 
was about 4 days. After 4-5 days, colony number was covinted. Viable cell number was 
coxmted after spread on agar media with complete synthesized glucose (2%). 

After the chromosomal DN A was separated by PFGE (pulsed-field gel electrophoresis) 
30 or FIGE (field-inversion gel electrophoresis), and DNA digested by restriction enzyme 
Xhol was separated by agarose gel electrophoresis, they were analyzed by Southern 
blotting. The resuh of the structural analysis of the anq)lified product by Southern 



PCT/JP2004/016833 15 

blotting is shown in Fig. 13. (A) shows the result of the analysis of chromosomal DNA 
separated by PFGE with the use of RET2 probe, and (B) shows that of chromosomal DNA 
separated by FIGE with the use of leu2d probe. SD-Ura represents the clone cultured in 
glucose media without Ura and SG-Ura, Leu represents the clone selected in 
5 Leu-Ura-galactose media. 

The results of electrophoresis show that leu2d gene was amplified to 3-5 copies by 
breaking the double strand break site (DSB) of pBIA ( a plasmid of the present invention). 
Circular plasmids pNotBIA and pBIA were observed in a range of size about 17-'19 kb of 

10 linear DNA in the sample of SD-Ura in Fig. 13(A). In contrast, a unique band is 
observed only for pBI A sample yet for colonies spread on media without leucine in a range 
of size about 12-20 kb in the sample of SG-Ura, Leu of Fig. 13(A). Since a linear DNA 
results generally in more intense band than a circular DNA, the band is ascribed to a linear 
DNA according to the comparison to the above circular plasmid pBIA. The size of the 

15 band is directly related to the amplification and the band with 13.39 kb may imply 3 copies 
of leu2d gene and that with 18.85 kb may imply 5 copies as shown in Fig. 14. 

Figure 13(B) shows the result of agarose gel electrophoresis after the cut by Clal and 
the relation between the intensity and the size of the bands is consistent with the above 
result. 

20 

Comparative Example 2; 

A plasmid pNotBIA was constructed as shown the structure in Fig. 12 (B) by the use of 
a plasmid and genes similar to Example 4. The plasmid v/as processed in the same way 
as Example 4. The numbers of Leu'^TJra'^ colonies obtained from cell strains (LS20) 
25 containing plasmids (pBIA and pNotBIA) of Example 4 and Comparative Example 2 under 
the induction of galactose were compared. The results are shown in Fig. 15. The figure 
shows that the use of plasmid pBI A leads to more amplification. 

Using the method of the present invention, a high level of amplification was confirmed 
30 by examining chromosome and plasmid as a place of amphfication (Examples 2 to 4). A 
clone amplified at least to several tens copies was obtained by the method of the present 
invention. Among them, some clones were amplified to more than a hundred copies. 
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Integration into a plasmid enables easily to change the structure of the amplification unit 
and to change the host to be transduced. 



